ABSTRACT Purebred laying hen lines of White Leghorn (WL) origin have been found to be more flighty and to show more feather pecking than lines of Rhode Island Red (RIR) origin. It has been found, however, that when RIR birds were housed together with WL birds, RIR birds became more flighty and those mixed groups developed more feather damage than pure-line cage-housed groups. It is unknown, however, whether this effect of social environment is accompanied by changes in stress-related behavior and neurophysiological activity, which are assumed to be associated with increased feather damage. The objective of this study was therefore to investigate the effects of genetic origin (WL or RIR) and social environment (mixed or pure groups) on behavioral response to manual restraint and monoamine functioning. Monoamine functioning was measured by brain serotonin (5-HT) and dopamine turnover. Furthermore, correlations between
INTRODUCTION
Laying hens of White Leghorn (WL) genetic origin differ from hens of Rhode Island Red (RIR) origin in performance traits and behavior (Kjaer, 2000; Kjaer and Sørensen, 2002) . Kjaer and colleagues studied feather pecking in commercial WL and RIR hybrids in a noncage system and reported that they showed less feather pecking that an RIR hybrid (Kjaer, 2000) or were intermediate (Kjaer and Sørensen, 2002) . In contrast to these results, Uitdehaag et al. (2008a Uitdehaag et al. ( , 2009 Uitdehaag et al. ( , 2008b found that pure-line cage-housed RIR birds showed less feather damage on the back and rump than did WL birds, indicating lower levels of feather-pecking behavior. In addition, RIR birds were described as less flighty and as showing a more active response toward a novel object in an open field and in a manual restraint test, as compared with WL birds, indicating lower fearfulness (Uitdehaag et al., 2008a .
Several studies have suggested a link between the tendency to develop feather pecking and the tendency toward fearfulness, which could result from the underlying (neuro)physiology (Jones et al., 1995; Korte et al., 1997; Rodenburg et al., 2004 Rodenburg et al., , 2009 Dennis et al., 2008; Bolhuis et al., 2009) . Birds from high-and lowfeather-pecking lines were reported to differ in brain serotonin (5-HT) and dopamine (DA) activity, with lower brain DA and 5-HT turnover levels in birds with a higher feather-pecking tendency (van Hierden et al., 2002 (van Hierden et al., , 2004a (van Hierden et al., , 2005 . Kjaer et al. (2004) showed that Effects of genetic origin and social environment on behavioral response to manual restraint and monoamine functioning in laying hens K. A. Uitdehaag ,* 1 T. B. Rodenburg ,* 2 C. G. Van Reenen , † R. E. Koopmanschap , ‡ G. De Vries Reilingh , ‡ B. Engel , § W. G. Buist , § H. Komen ,* and J. E. Bolhuis ‡ 5-HT turnover in the brain and peripheral measures of 5-HT in the blood were calculated. Experimental birds, housed either with other birds from the same genetic origin (pure groups) or with both RIR and WL birds (mixed groups) from hatching onward, were subjected to a manual restraint test at 47 wk of age. The WL birds struggled less during restraint and had higher dopamine and 5-HT turnover levels after restraint than did RIR birds. The WL birds also showed higher levels of platelet 5-HT uptake than did RIR birds. No effects of social environment were found. Blood and brain 5-HT measures were found to be correlated, with correlations ranging from 0.34 to 0.57, which seems to offer opportunities for less invasive peripheral indicators of 5-HT activity. In conclusion, genetic origin, but not social environment, affected the behavioral response to manual restraint and monoamine functioning in laying hens.
treatment of hens with haloperidol, a dopamine D 2 receptor antagonist, reduced feather pecking, indicating that feather pecking is influenced by dopamine. Moreover, it has been suggested that low 5-HT neurotransmission is a causative risk factor in the development of feather pecking (van Hierden et al., 2004a) . In line with this, Biscarini et al. (2010) showed a genetic association between feather damage and the 5-hydroxytryptamine (serotonin) receptor 2C (HTR2C) gene, a gene involved in the serotonergic system, in the same RIR and WL population as studied by Uitdehaag et al. (2008a) . Moreover, the mutation in the HTR2C gene associated with more feather damage was indeed more frequent in the WL population (84%) than in the RIR (35%) population (Biscarini et al., 2010) . Variation in fearfulness and feather pecking between birds may also be reflected in peripheral 5-HT measurements. Laying hens from a line selected for low mortality caused by feather pecking and cannibalism displayed less fear-related behavior and showed higher whole-blood 5-HT concentrations and a lower 5-HT uptake by platelets than did control line birds . It is unknown, however, whether these peripheral 5-HT measurements show a strong correlation with serotonergic measures in the brains of laying hens, as has been found in rodents (Bianchi et al., 2002) and humans (Rausch et al., 2005) .
The social environment of laying hens may also affect their tendency to develop feather pecking. For instance, it has been shown that groups of birds with variable responses to a novel object showed more feather pecking than did groups of birds with similar responses to the object (Albentosa et al., 2003) . We recently showed that mixed groups (i.e., consisting of birds of both RIR and WL origin) developed more plumage damage because of feather pecking than did pure groups . The use of different group compositions (WL:RIR bird ratios of 4:0, 3:1, 2:2, 1:3, and 0:4) led to the conclusion that the RIR birds increased feather pecking when housed with WL birds as compared with pure (RIR) groups (Uitdehaag et al., 2008b) . Moreover, RIR birds became more flighty and showed less activity in the open field and manual restraint tests in mixed groups, suggesting increased fearfulness (Uitdehaag et al., 2008b) . It is unknown whether this relative increase in feather pecking and fearfulness of RIR birds in mixed groups is accompanied by neurophysiological changes.
The objective of this study was to investigate the effect of genetic origin (either RIR or WL), social environment (pure groups with only RIR or only WL birds vs. mixed groups with both RIR and WL birds), and their interaction on fear-related behavior; corticosterone concentrations; and brain 5-HT and DA turnover in laying hens. Behavioral activity was assessed in a manual restraint test. Correlations were calculated between behavior and brain 5-HT and DA turnover for each genetic line in each social environment. In addition, correlations between whole-blood 5-HT concentration, 5-HT uptake by platelets, and brain 5-HT activity were calculated to investigate the possible use of blood and platelet 5-HT measurements to indicate brain 5-HT activity.
MATERIALS AND METHODS

Birds and Housing
Adult birds from 2 purebred genetic lines of laying hens from ISA BV, the layer breeding division of Hendrix Genetics (Boxmeer, the Netherlands), were used in this study. One line was of RIR origin and 1 line was of WL origin. Both lines had white feathers. White feathering is common in maternal lines from an RIR background: the brown feather color in the commercial hybrid comes from the paternal lines. These RIR and WL hens were described previously as differing in feather damage resulting from severe feather pecking, in their fear response toward a novel object (Uitdehaag et al., 2008a) , and in their behavioral response to a manual restraint (Uitdehaag et al., 2008b) . White Leghorn hens have lower BW, develop more feather damage, show greater avoidance of a novel object, and struggle less in a manual restraint test. In the present experiment, animals were housed in groups consisting of either birds from 1 line (pure groups) or of an equal number of RIR and WL birds (mixed groups), which were kept in these arrangements from hatching onward. In a previous study focusing on the behavioral response to a manual restraint in birds from pure and mixed groups, Uitdehaag et al. (2008b) found that RIR birds from pure groups struggled more than RIR birds from mixed groups.
During the rearing period (from 0 to 18 wk of age), birds from both lines were reared in commercial rearing cages and housed and treated similarly. During the laying period (from 18 wk onward), 80 birds were housed in 20 four-bird battery cages. Each cage was of similar size [46 × 39 × 44 cm (height × depth × width)]. The cages contained either pure groups with 4 RIR (5 cages) or 4 WL birds (5 cages), or mixed groups with 2 RIR and 2 WL birds (10 cages). Each group was randomly allocated to 1 of 75 cages from 3 stacked tiers of 25 adjacent cages, based on a completely randomized design. The remaining 55 cages from these 3 tiers were used for birds that were not included in the current experiment. A standard commercial laying diet was provided ad libitum by a 44-cm food trough (cage width), and water was provided through 2 nipple drinkers per cage. After arriving at the laying facility at 18 wk of age, the lighting schedule was 10L:14D, which was gradually changed to a final 16L:8D scheme from 20 wk of age onward.
The experiment was conducted in a manner that avoided unnecessary discomfort to the birds by using proper management and laboratory techniques. The Institutional Animal Care and Use Committee approved the experiment. The experiment was carried out by licensed and authorized personnel under the approval of ISA BV, the layer breeding division of Hendrix Genetics.
Manual Restraint Test
At 47 wk of age, each individual bird was taken out of its home cage and manually restrained on its side for 5 min, using the method described by Bolhuis et al. (2009) . In brief, the bird was placed on 1 of 2 tables that were located within visual and auditory range of the other birds, on both ends of the 25-cage row. The experimenter used one hand to restrain the legs, whereas the other hand was used to restrain the upper part of the body of the tested bird. The hand restraining the legs mainly functioned to prevent the birds from escaping when struggling. The thumb and index finger were used to loosely restrain both legs. The other hand put mild pressure on the upper body part when a bird was not struggling. After each struggle, birds were gently brought back in their original position. Observations of bird responses during the manual restraint included the latency to first struggle and frequency of struggles. Birds were tested in random order and were not taken from the same home cage in consecutive tests. Each manual restraint test was performed by 1 of 2 persons on 3 consecutive days between 0730 and 1200 h, during 2 consecutive time blocks of 120 min, with a break of 30 min in between (balanced across line and social environment). After the manual restraint test, blood samples were drawn and birds were killed by rapid decapitation.
Physiological Measurements
Blood Sampling. Blood samples (1.5 mL) were drawn at the beginning of each time block on the 3 experimental days (balanced across line and social environment). Individual birds were taken out of their home cage and, within 2 min, a blood sample was collected from the wing vein. Blood collection of birds from the same home cage within the same time block and day was avoided, and samples were not collected from birds that had already been subjected to the manual restraint test on that same day. Blood samples were also collected immediately after each manual restraint test (7 mL total). Plasma samples were stored at −20°C until analysis for corticosterone and at −70°C until analysis for 5-HT.
Corticosterone. Corticosterone was analyzed with a commercial kit (IDS Inc., Bolton, UK). The intra-and interassay CV were between 10 and 15%, as described previously (Buyse et al., 1987) .
5-HT in Whole Blood and Platelet 5-HT Uptake. The 5-HT concentration in whole blood was determined by a fluorescence assay based on the method of Yuwiler et al. (1970) , as described previously ). The 5-HT uptake by platelets was determined on the day of sampling, within 2 h after blood collection, using an assay adapted from Franke et al. (2000) and Thies-Flechtner et al. (1994) , as described previously . Briefly, platelet-rich plasma (PRP) was prepared by low-speed centrifugation (1 min at 378 × g). Triplicates of 100 μL of PRP in Krebs-phosphate buffer without CaCl 2 (pH = 7.4) were incubated at a concentration of 5 μM 5-HT in the presence of [ 14 C]5-HT for 1 h at 37°C. Platelets were collected by filtration and counted for radioactivity. Passive diffusion of [ 14 C]5-HT was determined by incubating blanks for 1 h at 0°C and was subtracted from the total uptake values at 37°C to yield the values of active uptake. Uptake velocity was expressed as nanomoles of 5-HT per 10 9 platelets per hour. For that purpose, the number of lymphocytes plus thrombocytes in PRP was counted in a Sysmex F-820 instrument (Sysmex Corporation, Kobe, Japan), and subsequently, a blood smear was made to determine the proportion of thrombocytes.
Brain 5-HT and DA Turnover. The brains were removed within 1 min after decapitation, immediately frozen in n-heptane cooled with dry ice, and stored at −70°C until analysis. Brains were blocked rostral to the midbrain 5-HT neurons (Figure 1 ), as described previously (Kuenzel and Masson, 1988; van Hierden et al., 2002) . The entire rostral block was then used for the measurement of 5-HT and its metabolite 5-hydroxyindoleacetic acid (5-HIAA) and DA and its metabolite 3,4-dihydroxyphenylacetic acid (DOPAC) by HPLC with electrochemical detection (carried out by BrainsOn line, Groningen, the Netherlands). The turnover rates of DA and 5-HT were calculated as the proportions of DOPAC to DA (Dere et al., 2008) and 5-HIAA to 5-HT, respectively.
Statistical Analyses
For continuous response variables, such as corticosterone concentrations, the mean per pen per line was calculated (1 mean for pure groups, and 2 means for mixed groups). These means were analyzed by a mixed ANOVA model. Dependence between means from the same mixed group was accounted for by a random group effect. A different residual variance was introduced for means from the pure and mixed groups. Fixed effects in the model comprised the main effects and their interaction for genetic origin (factor G, with levels RIR or WL) and social environment (factor S, with levels pure or mixed). The analysis combined results from 2 separate and independent analyses: 1) an analysis of means from the pure groups (one-way ANOVA with factor G), and 2) an analysis of means from the mixed groups (mixed ANOVA with a random group effect and factor G). The 3 components of variance were estimated from the group and residual sums of squares from the 2 analyses. Contrasts for interaction (factors G × S) and main effects (factor G and factor S) were estimated by the combination of means from the 2 analyses. Approximate degrees of freedom for t-tests (e.g., for the hypothesis of no G × S interaction) were calculated by equating the first 2 moments of the estimated variance of the associated contrast with those of a multiple of a chi-squared distribution.
For count data, such as frequency of struggles, for the 2 separate independent analyses, GLM were used. These GLM comprised a logarithmic link function, Poisson variance function, and separate multiplicative dispersion parameters for totals from the pure (1 total) and mixed groups (2 totals). To avoid the complexities of a heterogeneous GLM model, group effects were introduced as fixed effects (i.e., nonrandom effects) for totals from the same mixed group. From these analyses, tests for the interaction G × S and the main effect G were derived. Inference was performed by maximum quasi-likelihood (McCullagh and Nelder, 1989) . Appropriate statistical weights for an overall analysis of all means were derived from the dispersion parameters estimated from Pearson chi-squared statistics from the separate analyses. Significance tests were based on the maximum quasi-likelihood test. For the main effect S, the 2 totals from a mixed group were replaced by one total for the whole group. The analysis for the mixed groups was replaced by a GLM for these overall totals. Again, statistical weights were derived from estimated dispersion parameters for an overall analysis with a single mean for each group (pure or mixed). A combined factor for genetic origin and social environment (GS) with 3 levels was introduced: mixed, pure WL, and pure RR origin, say GS1, GS2, and GS3, respectively. The main effect for S was evaluated as the contrast between GS1 and the average of GS2 and GS3 (on a logarithmic scale). A significance test for this contrast was derived from the Wald test.
Pearson correlation coefficients were calculated between individual observations for struggling behavior, plasma corticosterone, whole-blood 5-HT concentration, 5-HT uptake by platelets, and brain 5-HT and DA parameters. These correlations were calculated to explore the possible relationships between the variables. The individual observations that were used to calculate these correlations were obtained as residuals from a model that included social environment and cage (nested within social environment). This model was run for each dependent variable, separately for each line. Pooled correlations over social environments within each line were calculated if correlations did not differ between social environments (P > 0.05; assessed by comparison of Z-transformed correlations). Pooled correlations across lines were subsequently calculated if these correlations also did not differ between lines (P > 0.05).
RESULTS
Effects of Genetic Origin and Social Environment
Rhode Island Red birds were more active in the manual restraint test than were WL birds, which was indicated by their shorter latency to first struggle (P < 0.001; Table 1 ) and their higher frequency of struggling (P < 0.001). No effects of genetic line on the baseline or on stress-induced corticosterone concentrations were found (Table 1) .
Platelet 5-HT uptake velocity was lower (P < 0.05), and whole-blood 5-HT concentration (P < 0.001) was higher in RIR birds as compared with WL birds. At the brain level, 5-HIAA concentration (P < 0.05) and [5-HIAA]/[5-HT] (P < 0.001) were lower, whereas 5-HT tended (P < 0.10) to be higher in RIR as compared with WL birds. In addition, DOPAC (P < 0.001) and [DOPAC]/[DA] (P < 0.001) were lower, whereas DA (P < 0.01) was higher in RIR as compared with WL birds. No effects (P > 0.10) of social environment or of the interaction between line and social environment were found (Table 1) .
Correlations Between Behavioral Response to Manual Restraint and 5-HT and DA Turnover
A significant correlation (pooled across lines and social environments; n = 69) was found between latency to first struggle and frequency of struggling (r = −0.88; P < 0.001). Because of this high correlation, it was decided to correlate one of the behavioral responses (latency to first struggle) with only 5-HT and DA activity. A significant correlation (pooled across lines and social environments; n = 69) was found between latency to first struggle and DOPAC (r = 0.28; P < 0.05; Table  2 ). In RIR birds from the pure groups (n = 18), latency to first struggle was positively correlated with brain 5-HT (r = 0.51; P < 0.05), 5-HIAA (r = 0.66; 01), and DA (r = 0.62; P < 0.01). In RIR birds from the mixed groups (n = 19), on the other hand, latency to first struggle was negatively correlated with brain 5-HT (r = −0.77; P < 0.001) and DA (r = −0.51 P < 0.05; Table  2 ). In WL birds from both the mixed and pure groups, latency to first struggle was positively correlated with [5-HIAA]/[5-HT] (r = 0.38; P < 0.05), similar to the pure-line cage-housed RIR groups.
Correlations Between Blood and Brain 5-HT
Whole-blood 5-HT correlated significantly (pooled across lines and social environments; n = 69) with brain 5-HT (r = 0.34; P < 0.01), 5-HIAA (r = 0.56; P < 0.001), and [5-HIAA]/[5-HT] (r = 0.57; P < 0.001). In WL birds (n = 31), significant correlations were found between platelet 5-HT uptake and both whole-blood 5-HT (r = 0.36; P < 0.05) and [5-HIAA]/[5-HT] (r = 0.37; P < 0.05).
DISCUSSION
Behavioral activity, plasma corticosterone concentrations (baseline and stress-induced), and blood and brain 5-HT and DA activities were measured in RIR and WL birds housed in pure (single-line) or mixed groups.
Effects of Genetic Origin
Birds of RIR origin showed more escape behavior in the manual restraint test than did birds of WL origin, in line with previous studies. In these studies, RIR birds showed more active responses in the manual restraint and open field tests, which probably reflected less fearfulness (Uitdehaag et al., 2008a ). In addition, RIR birds had higher brain 5-HT and DA concentrations and lower 5-HIAA and DOPAC concentrations, accompanied by lower 5-HT and DA turnover rates, than did WL birds. Given that RIR birds are gener- Table 1 . Least squares means (±SE) of struggling, corticosterone, and the neurotransmitters serotonin (5-HT) and dopamine (DA) and their metabolites after 5 min of manual restraint for each line in each social environment Pooled correlations are presented if correlations did not differ (P > 0.05) for birds from the pure and mixed groups or, subsequently, for birds of Rhode Island Red and White Leghorn origin. Equal correlations within the same column indicate pooled correlations. 5-HIAA = 5-hydroxyindoleacetic acid; DOPAC = 3,4-dihydroxyphenylacetic acid.
2 Indicates that these correlations differed between origins or social environments. †P < 0.10; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.
ally characterized as low feather peckers, whereas WL birds have a strong tendency to develop feather-pecking behavior (Uitdehaag et al., 2008a , the direction of these neurochemical and behavioral differences is not fully consistent with studies on other genetic lines differing in feather-pecking behavior. Previous studies reported higher activity in the manual restraint test, higher brain 5-HT concentration, lower brain 5-HIAA and DOPAC concentrations, and lower 5-HT and DA turnover rates in birds from a high-as compared with a low-feather-pecking line, both of WL origin (van Hierden et al., 2002 (van Hierden et al., , 2005 . These studies reported that particularly low 5-HT turnover rates in young birds were related to feather-pecking behavior (van Hierden et al., 2002 (van Hierden et al., , 2004a . In contrast, adult RIR birds in our study showed both a lower 5-HT turnover rate and lower levels of feather damage than did WL birds in the single-line groups. Although we cannot fully exclude age effects to explain this discrepancy, our results indicate that brain 5-HT turnover cannot be indisputably used to identify between-line differences in the risk to develop feather pecking. It may be that despite higher 5-HT turnover rates in WL birds, the activity of other components of the 5-HT system, such as receptors or uptake by transporters, may have affected serotonergic signaling. The action of the 5-HT system is terminated by a single type of 5-HT transporter, which is a major determinant of 5-HT neurotransmission (Lesch et al., 1993) . The brain and platelet 5-HT transporters are identical, at least in mammals (Lesch et al., 1993) , and a correlation between brain and platelet 5-HT transport kinetics has been demonstrated in humans (Rausch et al., 2005) . It was found in the present study that platelet 5-HT uptake in RIR birds was lower than that in WL birds, indicating that 5-HT neurotransmission may be terminated less rapidly in RIR birds than in WL birds. As such, the present results do correspond with previous results (van Hierden et al. 2002 Hierden et al. , 2004a , which have been associated with high 5-HT neurotransmission with low feather-pecking tendencies. Similarly, WL birds selected for low mortality resulting from feather pecking and cannibalism showed lower platelet 5-HT uptake levels than did control line birds . The actions of the 5-HT and DA systems are mediated by different types of receptors, and differences in 5-HT receptor functioning have been related to feather pecking in a recent study (Dennis et al., 2008) . Feather pecking in that study was found to be regulated by different 5-HT receptors in birds selected for high or low group productivity and survivability. A third line in their study (Dekalb XL) did not respond to 5-HT receptor treatment at all, which emphasizes the very complex nature of these mechanisms. Potential differences between RIR and WL birds in 5-HT and DA receptor functioning, apart from differences in 5-HT and DA concentrations or turnover, might therefore be involved in their difference in feather damage and pecking behavior. The recent finding by Biscarini et al. (2010) further shows that genetic differences between the WL and RIR populations may play an important role in differences in feather pecking: they showed that an allele of the HTR2C gene involved in the serotonergic system, which was associated with more feather damage, was indeed more frequent in the WL population (84%) than in the RIR (35%) population (Biscarini et al., 2010) . Similar results were found by Flisikowski et al. (2009) , revealing the involvement of both serotonergic (deformed epidermal autoregulatory factor 1) and dopaminergic (dopamine receptor D4) genes in feather-pecking behavior. Similar to brain 5-HT, whole-blood 5-HT in the present study was higher in RIR than in WL birds. These results are in line with other studies in which WL lines selected against feather-pecking behavior (Buitenhuis et al., 2006) or selected for low mortality because of feather pecking ) showed higher plasma and whole-blood 5-HT concentrations, respectively, than lines with higher levels of feather pecking and mortality. They disagree, however, with another study (Cheng et al., 2001) in which whole-blood 5-HT was lower in birds selected for high group productivity and survivability than in birds selected for low group productivity and survivability. Birds selected for high group survivability and productivity showed less mortality because of cannibalism and feather damage than did birds selected for low group survivability and productivity (Cheng et al., 2001) and are, in this sense, comparable with RIR birds.
Effects of Social Environment
The RIR birds showed more feather pecking if they were housed together with WL birds than in pure groups with only RIR birds . Although it has been suggested that such an effect of the social environment on feather pecking could be due to the social transmission of the behavior, the RIR birds in mixed housing also showed more fear-related behavior. The present study shows that this effect of social environment on feather pecking and fearfulness in RIR birds was not accompanied by changes in 5-HT or DA turnover or in peripheral 5-HT concentration and uptake. Remarkably, however, correlations between behavior in the manual restraint test and brain 5-HT and DA turnover were reversed in RIR birds in mixed groups as compared with those in pure, singleline groups. The correlation between latency to first struggle and DOPAC pooled across lines, and between latency to first struggle and brain 5-HT, 5-HIAA, and DA in RIR birds from the pure groups indicate that increased activation of the 5-HT and DA system was associated with decreased behavioral activity in the manual restraint test. In RIR birds from the mixed groups, however, increased activation of the 5-HT and DA system was associated with increased behavioral activity during manual restraint. In chickens, brain 5-HT and DA activity has been related to both an increased and a decreased duration of the tonic immobil-ity response (Hennig et al., 1988) . These contrasting results may be due to the different sensitivities of 5-HT and DA receptors to particular concentrations of 5-HT and DA (van Hierden et al., 2004b) , suggesting that the social environment may have modulated subtle aspects of 5-HT and DA signaling in RIR birds. Alternatively, it may indicate that although the behavioral response to the manual restraint changed in RIR birds in response to mixing, no associated changes took place in the serotonergic and dopaminergic system, resulting in a reversed correlation in comparison with the pure groups. This result is similar to the results reported by Bolhuis et al. (2009) , in which beak trimming led to changes in fearfulness and feather damage, but not to changes in peripheral serotonin concentration and platelet serotonin uptake.
Correlations Between Platelet and Brain 5-HT
Correlations (pooled across lines; varying from 0.34 to 0.57) were found between blood 5-HT and brain 5-HT, 5-HIAA, and 5-HT turnover rates. These results suggest that peripheral 5-HT variables may partly reflect brain 5-HT activity, which is in accordance with studies in rodents (Bianchi et al., 2002) and humans (Rausch et al., 2005) . The use of the platelet 5-HT system as a peripheral, less invasive model for central 5-HT system activity and its relationship with the development of feather-pecking behavior merits further research.
Conclusions
In conclusion, RIR and WL birds differed in the behavioral response to a manual restraint, brain 5-HT and DA turnover, and 5-HT uptake by platelets. Although no effects of social environment (pure vs. mixed groups) or its interaction with genetic origin were found, the reversed correlations between behavior and brain 5-HT and DA turnover in RIR birds from the pure and mixed groups suggest that the social environment may have modulated aspects of 5-HT and DA signaling in these birds.
